To apply cell transplantation for treatment of diabetes mellitus, a sufficient number of β-cell sources are required. In the present study, we examined whether an epithelial cell line obtained from normal adult rat liver, namely hepatic stem-like (HSL) cells, which can be converted to both hepatocytes and billiary epithelial cells, could be a potential β-cell source. The growth speed of HSL cells was rapid and these cells were easily expanded in vitro. Bipotential hepatic stem cells, HSL cells, also expressed PGP9.5, which is expressed in neurons, β-cells, and progenitor cells of the pancreatic endocrine cells as well. Sodium butyrate induced morphological changes in HSL cells and converted them into flattened cells with large cytoplasm. When HSL cells were incubated with a combination of 5 mM sodium butyrate and 1 nM betacellulin, most of the cells were converted into morphologically neuron-like cells. RT-PCR analysis revealed that a series of transcriptional factors involved in differentiation of pancreatic endocrine cells was induced by the treatment with sodium butyrate and betacellulin. mRNAs for insulin, pancreatic polypeptide, and somatostatin were also observed. Immunoreactive pancreatic polypeptide, somatostatin, and insulin were detected in sodium butyrate and betacellulin-treated HSL cells. In conclusion, HSL cells obtained from adult normal liver also have the potential to differentiate into pancreatic endocrine cells in vitro. HSL cells may be one of the potential β-cell sources for cell transplant therapy for insulin-dependent diabetes.
INTRODUCTION
that β-cells can be obtained in vitro from various types of progenitor cells. Two issues are particularly important to achieve cells for β-cell transplantation by means of in Islet transplantation has been considered to be a new therapeutic option for the treatment of type 1 diabetes. vitro conversion of stem cells. First, a large number of differentiated β-cells are necessary to control glucose In particular, use of nonsteroidal immunosuppressant markedly improve the outcome of islet transplantation metabolism in diabetic patients. Second, differentiated β-cells are thought to have fairly good responsiveness to (16, 19) , which has made this therapeutic approach quite attractive. The number of patients with diabetes greatly glucose and incretin hormones. In this context, the use of progenitor cells is recommended because they can be exceeds the number of pancreata obtained from cadaveric donors. A limited number of donors may be a limit-obtained relatively easily and can be expanded easily in a culture system. ing factor in performing islet transplantation. If β-cells are obtained by inducing differentiation of stem cells, it Hepatic stem-like (HSL) cells are epithelial cells obtained from adult rat liver (13). They have a cobble-would be advantageous for realization of β-cell transplantation. In this regard, pancreatic ductal cells have stone-like morphology typical of epithelial cells and express α-fetoprotein (13). When these cells are cocultured been shown to convert to insulin-producing β-cells in vitro (1, 15) . Also, extrapancreatic stem cells (e.g., those with hepatic stellate cells, they differentiate into albumin-expressing hepatocytes (13). Interestingly, these from the liver, intestine, and the salivary gland) differentiate in vitro into insulin-producing cells under appro-cells also differentiate into billiary epithelial cells when cultured with bile acid (unpublished). Therefore, HSL priate conditions (6, 14, 20, 24) . These results have shown 648 YAMADA ET AL.
cells are capable of differentiation into two types of liver
Sources of Antibodies cells: hepatocytes and billiary epithelial cells. Given that Sources of the primary antibodies and the dilutions the liver and pancreas are derived from forgut epithewere as follows: rabbit anti-bovine keratin for wide lium (8) , and stem cells in the two organs can differentispectrum screening (Ckwss), 1:1000 (DAKO Corp., CA, ate into cells in the organ of the other (3, 21, 24, 26) , it is USA); mouse anti-human CK7, 1:50 (DAKO); mouse possible that HSL cells also differentiate into pancreatic anti-human CK19, 1:100 (DAKO); rabbit anti-glucose endocrine cells. The present study was conducted to extransporter 2 (GLUT2), 1:50 (Biogenesis Ltd., UK); rabamine whether or not HSL cells also differentiate into bit anti-human PGP9.5, 1:400 (Ultraclone Ltd., UK); pancreatic endocrine cells. rabbit anti-PDX-1, 1:250 (Transgene, Kumamoto, Japan); guinea pig anti-porcine insulin, 1:1000 (a generous MATERIALS AND METHODS gift from Dr. T. Matozaki of Gunma University); rabbit Isolation and Culture of Cells anti-human pancreatic polypeptide, 1:1000 (Chemicon); Rat HSL cells were isolated from 6-to 9-week-old and rabbit anti-human somatostatin, 1:500 (DAKO). male Sprague-Dawley rats as described by Nagai et al.
Sources of the second antibodies and the dilutions (13) and maintained in Dulbecco's modified Eagle's were as follows: goat Alexa Fluor 488-cojugated antimedium (DMEM) with 4500 mg/L glucose (Invitrogen rabbit IgG, 1:400; goat Alexa Fluor 568-cojugated anti-Corp, Carlsbad, CA) and 10% fetal bovine serum (FBS).
rabbit IgG, 1:1000; goat Alexa Fluor 488-conjugated Cells were used after 20-40 passages.
anti-guinea pig IgG, 1:400 (Molecular Probes, Inc., Eu-The experimental protocols were approved by the gene, OR). For CK7 and CK19, a Vectastain Elite ABC Animal Care and Ethical Committee of the Institute for kit was used according to the manufacturer's recommen-Molecular and Cellular Regulation, Gunma University.
dation.
Reverse Transcription-Polymerase Chain Measurement of Cell Proliferation Reaction (RT-PCR) and Morphological Examination
Total RNA was extracted from the cells treated with To measure cell growth, the cells were plated at a or without sodium butyrate and/or betacellulin (BTC) density of 1 × 10 4 cells/35-mm dish in DMEM containusing TRIzol Reagent (Invitrogen). RNA samples were ing 10% FBS. The number of viable cells was deterpretreated with DNase I (Invitrogen) to remove contamimined using 3-(4,5-dimethythiazol-2yl)-2,5-diphenyltenation of genomic DNA. First-strand cDNA was synthetrazolimn bromide (MTT) as described by Carmichael sized by SuperScript II or SuperScript III RNaseH-Reverse et al. (2) .
Transcriptase (Invitrogen). To confirm no contamination Morphological changes were observed with a phase of genomic DNA, samples without reverse transcriptase contrast microscope (Olympus, Tokyo, Japan).
(RT) treatment were prepared. Oligonucleotide primers Immunofluorescence Study used and reaction conditions performed in this study were as previously described (11,27), except for Neu-HSL cells were cultured on noncoated glass coverslips at a density of 10 5 cells/ml. After overnight culture, roD/Beta2 (5′-GGA CAA ACC TTT GCA GAG GAC GAG TGT CTG-3′ and 5′-AGC CAT GAA TGC AGA cells were treated for 2 days with various factors. Cells were fixed with 3% paraformaldehyde in PBS, treated GGA GGA C-3′, initial denaturation at 95°C for 5 min followed by 33 cycles of 94°C for 30 s, 60°C for 45 s, with 0.1% (v/v) Triton X-100 in PBS for 5 min, and incubated sequentially with Blocking Ace (Morinaga, 72°C 45 s), ngn3 (5′-AAG TGT CCC AAG AGA CCC AG-3′ and 5′-AGG CTA CCA GCT TGG GAA AC-3′, Tokyo, Japan). Subsequently, primary antibody was applied for 1 h at room temperature; cells were washed 36 cycles of 94°C for 30 s, 49°C for 30 s, 68°C for 30 s), insulin (5′-GGC TTT TGT CAA ACA GCA CCT with PBS and then incubated for 1 h at room temperature with a second antibody. 
Materials
Sodium butyrate and trichostatin A were purchased from Sigma (St. Louis, MO). Recombinant human BTC was prepared as described previously (17) .
RESULTS

Evaluation of Proliferation of HSL Cells
We first determined the proliferation rate of HSL cells by using MTT. As shown in Figure 1 , the growth rate of HSL cells was rapid. Figure 2A depicts a cobblestone-like appearance of HSL cells.
Effects of Sodium Butyrate and Betacellulin on Morphological Changes in HSL Cells
To assess whether HSL cells have the possibility to differentiate into endocrine cells, we screened various differentiation and growth factors in an in vitro culture system. Among the various factors tested, sodium butyrate induced morphological changes as shown in Figure  2B . The majority of HSL cells treated with 5 mM sodium butyrate became flattened with large cytoplasm. Some of the cells changed into spindle-like shaped cells. All of these cells expressed cytokeratin 7 and 19 (data not shown). BTC (1 nM), a growth factor originally iso- lated from the conditioned medium of insulin-producing tumor cells (βTC) (18) and now also well known as a β-cell differentiation factor (11), converted most of the HSL cells into spindle-shaped cells when added with sodium butyrate (Fig. 2C) . The cell number of HSL cells with sodium butyrate and BTC for 48 h. ment (i.e., NeuroD/Beta2, Nkx2.2, Nkx6.1, and Pax6) HSL Cells Differentiated Into Pancreatic Polypeptide-, was newly expressed. In addition, Pax4 and Isl-1 were Somatostatin-, and Insulin-Expressing Endocrine Cells upregulated by the treatment (Fig. 3A) . Ngn3, which is transiently expressed when cells are directed for endo-Next we evaluated the characteristics of HSL cells treated with sodium butyrate and BTC by RT-PCR and crine cell fate (22) , began to be expressed at 6 h, and was maximally expressed at 48 h after the treatment immunocytochemistry. As previously reported, HSL cells expressed stem cell markers including c-kit, Mu-with sodium butyrate and BTC (Fig. 3B) . Sodium butyrate and BTC induced the expression of pancreatic endo-sashi-1, and hepatoblast marker α-feteprotein (12,13). HSL cells also expressed PGP9.5, which is known as a crine hormone, somatostatin, pancreatic polypeptide, and insulin, although their expression levels were low neuron marker and a marker for pancreatic progenitor cells (25) (Fig. 3A) . PGP9.5 expression was upregulated (Fig. 3A) .
Immunocytochemical examination showed that so-when treated with sodium butyrate and BTC. Treatment of HSL cells with sodium butyrate and BTC induced the dium butyrate and BTC induced PGP9.5 and PDX-1. GLUT2 was scarcely detected in naive HSL cells, but its expression of PDX-1, which is a key transcription factor in the pancreas development and hepato-pancreatic expression was detected after the treatment with sodium butyrate and BTC (data not shown). Ckwss was also transdifferentiation (4, 7) . Accordingly, a series of transcriptional factors expressed during pancreatic develop-expressed in naive and treated HSL cells. Pancreatic en- docrine hormones, PP, somatostatin, and insulin were Of the various factors tested, a histone deacetylase inhibitor sodium butyrate induced morphological changes also detected at protein levels but their levels were low ( Fig. 4) .
in HSL cells and converted them to flattened cells with large cytoplasma. Sodium butyrate also induced the ex-DISCUSSION pression of various transcription factors involved in differentiation of pancreatic cells. Additionally, cells treated In the present study, we demonstrated that adult hewith sodium butyrate expressed CK19 and CK7 (data patic stem-like cells have potential to differentiate into not shown). These observations indicate that differentipancreatic endocrine cells in vitro. It was shown that ated cells expressed both ductal and endocrine markers. hepatic oval cells can differentiate into pancreatic endo-Trichostatin A, another inhibitor of histone deacetylase crine cells when cultured in a high glucose environment (23), mimicked the effect of sodium butyrate (data not (24). Both oval cells and HSL cells express stem cell shown). Although sodium butyrate had pleiotropic acmarker c-kit and hepatoblast marker α-fetoprotein and tions (9) , it is likely that inhibition of histone deacetydifferentiate into hepatocytes and cholangiocytes. On the lase activity may have accounted for the induction of other hand, oval cells also express albumin and CK19, differentiation by sodium butyrate. The effect of BTC in markers of hepatocytes and billiary epithelial cells, resodium butyrate-treated cells was not so evident at the spectively. However, HSL cells do not express these two mRNA level. The addition of BTC, however, changed markers. Moreover, HSL cells express neuronal and gasmost of the HSL cells from round-shaped flattened cells trointestinal stem cell marker Musashi-1 (12) and, in adto spindle-like cells, and immunoreactivity of the pancredition, we showed that they also express PGP9.5, a putaatic hormones became detectable by the addition of BTC. tive marker of pancreatic progenitor cells (25) . Based on HSL cells are considered to be closely related to WBthese observations, we consider that HSL cells might be F344 cells (5) . Both are isolated from adult rat liver and more immature, pluripotent hepatic stem cells compared are regarded as "liver epithelial cells." WB-F344 cells to oval cells, and HSL cells may be capable of convertwere shown to differentiate into myocytes in the heart ing to pancreatic endocrine cells. Peck, A. B.; Gornelius, J. G. Reversal of insulin-dependent diabetes using islets generated in vitro from pancre-
